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BPACoalbed Methane Outreach Program Technical Options Sernes

CoAL MINE METHANE STORAGE IN ABANDONED MINES

Leyden Mine Lhderground Natural Gas Storage Facility Near Denver, Colorado
(Photo courtesy of Public Service Company of Colorado)

PRIMARY BENEFAITS OF STORING COAL MINE METHANE IN ABANDONED MINES...
Allows project operators to store excess gas and ensure consistent de live rability
Can use the methane forpeakshaving (supplying gasto market during peakdemand)

Could improve the overalleconomic viability of many coal mine methane projects



Peak load gas storage
could improve the
overall economic

viability of many coal

mine methane
projects

More than 18,000 coal
mines abandoned
after 1950 are located
nearthe 22 gassiest
mines

Abandoned mine gas
storage may be
particularly
advantageous to
larger coal mine
methane projects that
inject gas into
commercial pipelines

Why Consider Storing Coal Mine Methane in Abandoned Mines”

The use of abandoned coal mines to store coal mine methane and conventional naturs
gas can enhance the economics of coal mine methane projects. Hstorically, the naturs
gasindustry has used storage facilities to store gas during periods of low demand, particularl
the summer months, and withdraw it during periods of peakdemand, typically in the winte|
More recently, gasstorage unitsinclude peakload facilties thatare typicallycapable of higl
delive ability with fle xibility in inje ction and withdrawalcycles.

Accurate predictions of increases in gas demand are critical to market stability, particulad
durng winter months. Uhseasonable weather which leads to stored gas withdrawals cal
send naturalgas prices soarng. Storage facilities can benefit from these situations by se lling
gas at peak prices. Demand for natural gas storage facilties has increased due to: 1) the
high cost of constructing pipeline capacity, 2) FERC Order 636, and 3) increased naturalga
demand.

To date, there has been no storage of coal mine methane in abandoned mines. In fac:
there isonlyone abandoned coal mine storage facility in the Uhited States--the Leyden Mine
Lhderground Gas Storage Facility, operated by Public Service Company of Colorado (PSCo
The facility, established in the late 1950s, remains a key component of Denver's natural ga
supply system. Distrigaz, a Belgian gas company, has more extensive experience with storini
gasinabandoned mines. ™o facilties in the Campine coalfields store in excess of 10 billio
cubic feet ofimported naturalgasforuse during peakdemand periods.

Continued success with conventional natural gas storage at the Leyden Mine and those i
Belgium suggests that there maybe manyopportunities for storage of coal mine methane a
abandoned mines located near active coal mines. The ability to store gas would benef
coal mine methane projects that maret recovered gas by injecting it into commercia
pipelines. Ypecifically, these facilties would provide project operators with the ability to ston
excess gas, sellgas during peakdemand times, and assure consistent product deliverabilit
to dedicated customers.

Gas storage could also enhance the viabilty of methane-fueled power projects. A ga
storage facility pemits the operatorto supplygasata nominallevelized price, improving the
economics of a power generation facilty. The profitability of a power generation projec
ultimately depends on the cost of fuel, and the sales price the operator can receive fc
electricity during times of low (“off peak’) electricity demand. In addition to selling power t
otherconsumers,a coalmine could use the electricity on-site to supplement power suppliet
by electric utilitie s.

Abandoned coal mines favorable for coal mine methane storage would typically haw
mined-out seams deep below the surface, and undisturbed sumounding strata (e.g., roon
and pillar without extensive pillar extraction). In some instances, there may be lowe
development and operating costs with larger scale facilties, due to economies of scale
More important than size, however, is the facility’s proximity to gas sources and market:
which affectsits ability to respond to changing manets.

Many abandoned coal mines have sufficient capacity to store more gas than the typice
active mine produces, and could sene as storage facilities for conventional natural gas a
well. This added capability could further enhance economics of the storage project b
increasing the ability to maximize gas sales during peak gas prices. k could also increast
opportunities to use medium quality coal mine methane, by blending it with gas tha
exceeds pipeline quality (see US EPA’s Technical Options case study Ugrading Mediun
Quality Coal Mine Gas by Bending and Spiking).



The Leyden Mine Underground Natural Gas Storage Facility
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Room and pillar mining left a void of A
150 milion cubic feet (mmcf) some |(fest)
700-1,000 feet below the surface. |58
Operating pressure may vary from 60
pounds per square inch (psi) to 250
psi, but averages 165 psi. 5400

. . . East »
Dip changes from vertical to nearly horizontal
in about 1200 feet (366m)

A

Shaft No. 3
Air Shaft

(meters)

1750

Shaft No. 1

5600 1700

1650

1600
5200

Watersaturated shale and sandstone
surmounding the coal ssams provides
the seal that keeps the gas from |:s00

1550
5000

1500

1450

seeping out of the mine. Sorage S —--Sondstone — =
capacity of the facilty is 3.0 bilion
cubic feet (bCf) and the working Fact-\Ab ot Sactinn nf the levden Mine (maodified from PSC.a hmehiie)

capacityis2.2 bcf.

Opportunities for Coal Mine Methane Storage in Abandoned Mines

Many active gassy coal mines are in close proximity to abandoned underground mines, and the avaiability of
high-delverability gas storage nearby could enhance coal mine methane recowvery and use. Because
abandoned coal minesare generally shallow, storage pressures, and hence storage capacities tend to be low
relative to conventionaldepleted gasresernvoirsand aquifer storage facilties. Howewver, the potential foradded
storage via re-adsorption of methane by the unmined coalcan significantlyincrease storage capacity. Belgian
operatorsindicate that thiseffect increases storage volumes in theirabandoned coal mine storage facilties by
a factoroften.

EPA has prepared a report tited Technical and Economic Assessment of Coalbed Methane Storage in
Abandoned Coal Mine Workings. The table below shows estimated capitaland operating costs.

Comparison of Development and Operating Costs for Conventional vs. Abandoned Mine Storag

Hypothetical
Conventional Storage Facilities Abandoned Mine
Storage Facility
Development | $2-4/mcf ($70-135/1000 m?®) fordepleted reservoirsand aquifer storage $5.90 - $6.50/mcf
Cost $7-14/mcf ($245-500/1000 m®) for mined caverns ($208-$230/1000 m®)
Operating $0.20-4.50/mcfofgassales $2.00-$2.80/mcf ofgas
Cost* ($7-159/1000 m?®) sales
($71-99/1000 m?)
*Persingle cycles. Muliiple cycles further reduce operating costs.

The BPA rport includes preliminary economic analysis for hypothetical abandoned mine storage facilties
operating with oversupply gas stock from associated large scale coal mine methane projects. An $11 million
capitalinvestment in a facility that can withdrawgas at 80 mmcf/d (2.3 milion m*/d), cycling 35 maximum gas
withdrawaldays peryear, and seling gas atan average annualpeakprice of $2.50/1000 ft® ($88.29/1000 m?®),
would yield the following results:

internalrate ofretumn greater than 15%;
net present values greater than $1 milion (discount rate 5%);
progect paybackpernod ofless than five years.



For More Information...

The use ofabandoned coal mines to store
coal mine methane can enhance the
economics of coal mine methane prof
ects, allowing project operators to store
oversupplygas, and sellit during periods of
peak demand (and consequently higher
gas prices). 1o obtain the BPArport Tech-
nical and Economic Assessment of Coal-
bed Methane Storage in Abandoned Coal
Mine Workings, or to obtain additional in-
formation about this and other uses for
coal mine methane, contact:

Coabed Methane Outreach Program
US BPA(6202J)
401 MSreet, SN(6202J)
Washington, DC 20460 UBA
(202) 564-9468 or (202) 564-9481
Fax (202) 565-2077
e-mail femandezroger@epa.gov
schulz.kad@epa.gov

http://mwmwv.epa.govicoalbed

TJo obtain more information about the
Leyden Mine Lhderground Sorage Facility,
contact:

Wiliam Wing
Public Service Company of Colorado
1123 W 3° Aenue
Denwver, CO 80223
(303) 571-3127
Fax (303) 893-1758
e-mail. buding@psco.com

The mention of products or senices in thiscase study does not constitute an endorsement by EPA



